ABSTRACT: Two randomized complete block design experiments with a factorial arrangement of treatments were conducted to study the effects of corn processing method and inclusion of sorghum wet distillers grain plus solubles (SWDGS) in beef cattle finishing diets. In Exp. 1, 160 crossbred steers (primarily British × Continental breeding; initial BW = 397.6 ± 29.4 kg) were fed diets based on dry-rolled (DRC) or steamflaked corn (SFC), with or without the inclusion of 15% SWDGS (DM basis). Corn processing × SWDGS interactions were not detected (P ≥ 0.20) for performance and most carcass characteristics. The G:F was less (P < 0.01) with DRC-than with SFC-based diets. Steers fed SFC-based diets had greater 12th-rib fat thickness (P = 0.03), yield grade (P = 0.02), and a smaller LM area (P = 0.08) than steers fed DRC. Inclusion of 15% SWDGS resulted in decreased G:F (P < 0.01) than for diets without SWDGS. In addition, steers fed SWDGS had decreased HCW (P = 0.01) and dressing percent (P = 0.03) than those fed no SWDGS. In Exp. 2, diet samples from Exp. 1 were used to evaluate rate of in vitro gas production, IVDMD, and H 2 S concentrations in gas. No significant corn processing × SWDGS interactions were noted for any of these measurements or for mathematically fitted gas production parameters, except for the predicted maximum value of gas production. The SFC-based diets had greater IVDMD (P = 0.01), area under the gas production curve (AUC; P = 0.02), and rate (k) of gas production (P = 0.02) than DRC-based diets. Inclusion of 15% SWDGS in the substrates decreased IVDMD (P < 0.01), AUC (P = 0.03), and rate of gas production (P = 0.04) compared with 0% SWDGS. Hydrogen sulfide concentrations in gas did not differ (P > 0.10) with corn processing method or addition of SWDGS. Overall, these data suggest that the response to 15% SWDGS in finishing diets was not affected by corn processing method, but including 15% SWDGS in finishing diets decreased G:F, IVDMD, and gas production AUC values to approximately the same extent as replacing SFC with DRC.
INTRODUCTION
As use of grains for ethanol production has expanded, interest has increased in feeding wet distillers grain with solubles (WDGS), a coproduct of ethanol production, to livestock. Typical finishing diets used in feedlots of the major cattle feeding areas of the United States are based on steam-flaked corn (SFC) or dry-rolled corn (DRC; Vasconcelos and Galyean, 2007) . Recent results have indicated the possibility of an interaction between inclusion of WDGS and corn processing method in feedlot diets (Corrigan et al., 2007; May et al., 2007) , with potentially greater feeding value for WDGS in diets based on DRC than on SFC. Thus, determining the optimal grain processing method to use with WDGS is an important practical research problem. In addition, because of potentially increased S concentrations in WDGS (Pritchard, 2007) , diets containing this coproduct might increase the risk of S-related health problems and decrease performance in cattle (Gould, 1998; Loneragan et al., 1998) . Whether effects of S in WDGS might interact with grain processing method has not been evaluated.
Our objective was to evaluate corn processing method (DRC vs. SFC) with or without sorghum wet distillers grain with solubles (SWDGS) with respect to effects on performance and carcass characteristics of feedlot cattle. Rate of in vitro gas production, in vitro H 2 S production, and IVDMD of diet samples also were evaluated.
MATERIALS AND METHODS
All procedures involving live animals were approved by the Texas Tech University Animal Care and Use Committee.
Exp. 1
On May 24, 2007, 348 steers (primarily British × Continental breeding) were gathered from winter annual wheat pasture near Friona, TX, and delivered to the Texas Tech University Burnett Center near New Deal. Cattle were processed the day after arrival, which included (1) placement in the ear of a uniquely numbered tag; (2) recording of coat color; (3) vaccination with Vista 3 SQ (Intervet Inc., Millsboro, DE) and Vision 7 with SPUR (Intervet Inc.); (4) and treatment with Cydectin (Fort Dodge Animal Health, Overland Park, KS). On June 1, 2007, all cattle were weighed and examined. Cattle with horns, temperament problems, or extremes in BW were not used in the experiment. Of the remaining steers, 160 (BW = 381.6 ± 34.7 kg) were selected randomly for use in the experiment. Steers were stratified by BW, and 10 blocks were assigned to groups of 16 steers in ascending order of BW. Blocks were assigned to 4 contiguous pens (concrete, partially slotted floor pens; 2.9 m wide × 5.5 m deep) in the Burnett Center. Within blocks, steers were assigned randomly to 1 of 4 treatments, and the 4 treatments were assigned randomly to pens within each block. Over the next 3 wk, the cattle were moved to their assigned pens, and the diet was gradually increased from 65 to 90% concentrate. Approximately 1 wk before the beginning of the experiment, the steers were implanted with Revalor S (120 mg of trenbolone acetate and 24 mg of estradiol; Intervet Inc.). Steers were weighed individually before the morning feeding on June 18, 2007, to begin the experiment.
Treatments. A supply of SWDGS sufficient for the duration of the experiment was received from the Abengoa Bioenergy ethanol plant in Portales, NM, and stored in a plastic silage bag. In a randomized complete block design, treatments were arranged in a 2 × 2 factorial and consisted of diets based on DRC or SFC with or without SWDGS: (1) DRC-0 = DRC-based diet with no added SWDGS; (2) SFC-0 = SFC-based diet with no added SWDGS; (3) DRC-15 = DRC-based diet with 15% (DM basis) SWDGS; and (4) SFC-15 = SFC-based diet with 15% SWDGS. In diets with 15% SWDGS, the SWDGS replaced cottonseed meal, molasses, and part of the supplemental fat. All diets were formulated to contain 14.5% CP and equal concentrations of fat (Table 1) . Rumensin (Elanco Animal Health, Greenfield, IN; 33 mg/kg of DM), Tylan (Elanco Animal Health; 11 mg/kg of DM), and vitamins and minerals to meet or exceed NRC (1996) recommendations were supplied by a supplement that was included as 3.0% of the dietary DM. The SFC was flaked to a bulk density of approximately 387 g/L.
Feeding, Weighing, and Routine Management. Feed bunks were evaluated visually each day of the experiment at approximately 0730 h to determine the quantity of feed to offer each pen. After the feed bunks were evaluated, each diet was mixed in the feed mill (all ingredients except SWDGS for diets containing SWDGS) to supply the feed for the 10 pens on a given treatment. After mixing, each diet was conveyed to a tractor-pulled, power take-off (PTO)-driven mixer unit equipped with load cells and a digital indicator. Because the SWDGS would not flow through the feed mill system, it was added separately to the PTO-driven mixer unit with a front-end loader. The weight of feed delivered to each pen was measured using the load cells and indicator on the mixer unit (readability ± 0.45 kg).
Pens were group-weighed, in the morning before feeding, at 35-d intervals during the experiment. Individual, nonshrunk BW measurements were taken just before shipment to slaughter. At each weighing day, feed bunks were swept, and any feed remaining in the bunks was weighed and its DM content determined (forced-air oven at 100°C for approximately 15 to 16 h). In addition to removal of orts on weighing days, orts resulting from rain or spoilage for any reason were removed as needed and subtracted from the feed delivery log.
Feed Sampling. Throughout the experiment, ingredient samples were collected 3 times/wk for SWDGS and once every other week for other ingredients to determine DM content using the methods described previously for orts. Samples of mixed feed from the 10 pens/treatment were collected weekly throughout the experiment and composited within weighing periods. Composited samples of mixed feed and a composite SWDGS sample were analyzed for DM, CP, ADF, ether extract, Ca, P, K, and S by SDK Laboratories (Hutchinson, KS).
Carcass Evaluation. When approximately 60% of the steers in a BW block were deemed to have sufficient finish to grade USDA Choice (based on BW and visual appraisal of external fat cover), they were sent via commercial transport to the Cargill Meat Solutions facility in Plainview, TX. Personnel from the Texas Tech University Meat Laboratory collected carcass data, which included HCW, LM area, marbling score, KPH, and 12th-rib fat thickness. Yield grade was calculated from HCW, LM area, 12th rib fat, and KPH, and quality grade was determined from marbling score and maturity data.
Calculations and Statistical Analyses. Dietary concentrations of NE m and NE g were calculated from performance data as described by Vasconcelos and Galyean (2008) . The ADG was calculated on a BW and carcass-adjusted basis. Final BW for the carcassadjusted data was calculated from the HCW divided by the average dressing percent for cattle in each block. Pen means for ADG, DMI, and carcass measurements were calculated. Performance data and calculated NE concentrations were analyzed using the MIXED proce-dure (SAS Inst. Inc., Cary, NC). The model included the fixed effects of corn processing method, SWDGS concentration, the corn processing method × SWDGS concentration interaction, and the random effect of block. Carcass quality grade data (proportion of USDA Choice or greater carcasses in each pen) were analyzed using the GLIMMIX procedure of SAS as a binomial proportion (same model as performance data). For all analyses, pen was considered the experimental unit. Effects were considered significant at an α level of ≤0.05, with tendencies declared at P-values between 0.05 and 0.10.
Exp. 2
Feed Samples. Feed samples from dietary treatments fed in Exp. 1 (Table 2) were used in various in vitro fermentation systems to evaluate rate of gas production, IVDMD, and H 2 S concentrations in gas. Feed samples were collected on 2 separate days, just before the release of the feed into the bunks from the PTO-driven mixer unit. Samples were taken to the Ruminant Nutrition Laboratory at Texas Tech University and placed for 48 h on a flat surface and air-dried by means of an electric fan blowing air across the surface of the samples. Air-dried samples were subsequently ground in a Wiley mill to pass a 2-mm screen.
In Vitro Incubations. The fermentation-incubation systems used in Exp. 2 were adapted from Tilley and Terry (1963) . Ruminal fluid was obtained approximately 4 h after feeding from 2 mature, ruminally cannulated steers. The steers were consuming a 75% concentrate, SFC-based diet. Ruminal fluid was strained through 4 layers of cheesecloth and stored in a thermos until it was transported to the laboratory.
Gas Production Rate. A wireless gas pressure monitoring system was used to measure the changes in pressure inside the flask relative to atmospheric pressure as a consequence of the gas produced during fermentation. Data are transferred via a wireless system to a computer equipped with software (Gas Pressure Monitor, Ankom Technology Corp., Macedon, NY) that allows the data to be stored in a spreadsheet. Data obtained from this system were converted from pressure units to volume units (mL) by using the formula reported by Lopez et al. (2007) . Approximately 0.7 g of each of the 4 dietary substrates was weighed into the 250-mL flasks of the Ankom system. Each treatment was replicated in duplicate flasks, and 2 blank flasks were included in each set. Forty milliliters of McDougall's buffer (Galyean, 1997) and 10 mL of ruminal fluid were added to each flask, whereas blanks were prepared by adding the buffer and ruminal fluid to vessels without feed. After the ruminal fluid and the buffer were added, each tube was flushed with CO 2 . The Ankom flasks were tightly screwed to the pressure monitor caps and placed in an oscillating shaker (Environ-Shaker, Lab-Line Industries, Melrose Park, IL) at 39°C for 24 h, with the oscillation set at 125 rpm. In Vitro DM Disappearance. The IVDMD was determined using procedures described by Galyean (1997) . Approximately 0.5 g of each feed was weighed in triplicate, including 3 blanks, into the 50-mL polyethylene centrifuge tubes. McDougall's buffer solution (28 mL) and ruminal fluid (7 mL) were added to the tubes, which were flushed with CO 2 , capped with rubber stoppers with a 16-gauge needle inserted for gas release, and placed in a water bath at 39°C for 24 h.
Hydrogen Sulfide Production. The total production of H 2 S per gram of fermentable DM was determined using 125-mL glass serum bottles. Approximately 0.7 g of substrate was weighed into each bottle, and 40 mL of McDougall's buffer and 10 mL of ruminal fluid were added to the bottle, after which vials were flushed with CO 2 , sealed with a butyl rubber stopper, and crimp-sealed with a metal retainer (Wheaton Science Products, Millville, NJ). After 24 h of incubation at 39°C, the rubber cap of each of the 125-mL serum bottles was punctured with a needle connected to a 5-mL syringe fitted with a 3-way valve. One side of the valve was connected by a hose to an inverted 250-mL buret filled with water. The total gas produced in each bottle was measured by displacement of water. Immediately after the gas was released to the buret, the valve was switched, and a 5-mL sample of gas was drawn from the headspace of the serum bottle. The gas sample was then slowly bubbled into alkaline water (distilled water that was brought to pH 8 with 0.1 N NaOH) inside a 15-mL evacuated tube (BD Vacutainer, Becton Dickinson and Co., Franklin Lakes, NJ), followed by the addition of 0.5 mL of a N, N-dimethyl-p-phenylenediamine dihydrochloride sulfate (DPD) reagent and 0.5 mL of a ferric chloride solution (Kung et al., 1998) . The DPD reagent was prepared by diluting 0.11 g of DPD (product No. D4139, Sigma Chemical Co., St. Louis, MO) in 100 mL of a solution that was prepared by adding 2 parts concentrated sulfuric acid to 1 part distilled water. The ferric chloride solution was made by dissolving 2.7 g of ferric chloride (FeCl 3 ·6H 2 0) in 50 mL of concentrated HCl and diluting to 100 mL with distilled water (AGA, 1965) . Twenty minutes after the addition of the reagents, the absorbance of the solution in each vacutainer was determined in a spectrophotometer (Beckman DU-50, Beckman Instruments, Inc., Fullerton, CA) at a wavelength of 665 nm.
The methylene blue method (Siegel, 1965) was used to estimate the concentration of H 2 S in the gas produced during the in vitro incubation. A calibration curve was prepared by diluting 0.5 mL of Radiello Methylene Blue Calibration Standard for Hydrogen Sulfide (RAD 171, Product No. RAD171, Supelco, Bellefonte, PA) in 24.5 mL of distilled water. This dilution of the standard produces a blue color that has an absorbance analogous to a concentration of 1.145 µg/mL of S 2− . Aliquots of the first solution were further diluted to obtain solutions with absorbance values analogous to concentrations of 0.85875, 0.57250, and 0.28625 µg/mL of S 2− . Distilled water was used as the zero concentration of S 2− . The spectrophotometer was zeroed using a blank that was prepared from alkaline water combined with the DPD and ferric chloride reagents. The standards were read at a wavelength 665 nm, and a calibration curve was obtained by regression of the standard S 2− concentration values on the absorbance of the calibration solutions. Corn processing and sorghum distillers grain Known concentrations of S 2− were divided by 0.9409 (H 2 S has 94.09% S) to express the concentrations of the standards in terms of µg of H 2 S/mL, and the concentration of H 2 S in gas samples was calculated using the regression equation developed from the standard curve. The H 2 S concentration was multiplied by the total gas produced in the 24-h period and expressed as micromoles/24 h. The IVDMD results were subsequently used to report the results as micromoles of H 2 S/(24 h·g of fermentable DM). The H 2 S production value from the blanks was subtracted from the treatments to account for H 2 S production from the ruminal fluid alone.
Statistical Analyses. Each in vitro incubation procedure was replicated on 2 separate days. Data from the duplicates and triplicates were averaged within each separate run. The data for H 2 S production and IVDMD were analyzed as a randomized block design using the MIXED procedure (SAS Inst., Inc.). As in Exp. 1, the model included the fixed effects of corn processing method, SWDGS concentration, and the corn processing method × SWDGS concentration interaction. Each separate run was designated as block, which was considered a random effect in the model. The area under the curve (AUC) was calculated for each treatment, and a nonlinear model was used to fit the data from the Ankom Gas Pressure Monitor. The nonlinear model was the modified Gompertz equation (Schofield et al., 1994) , which included 3 parameters: lag time (LT); the maximum value (M); and the rate of gas production (k). These model parameters and the AUC were analyzed using the MIXED procedure of SAS, using the same model as described for H 2 S and IVDMD data. For all statistical analyses, effects were considered significant at an α level of ≤0.05, with tendencies declared at P-values between 0.05 and 0.10.
RESULTS AND DISCUSSION

Exp. 1
Diet and SWDGS Analyses. Chemical composition of the dietary treatments used in the experiment is shown in Table 1 . Diets containing SWDGS had increased CP and ADF concentrations compared with the diets without SWDGS. The diets were formulated based on composition estimates from the ethanol plant. Analysis of a composite sample of the SWDGS fed during the experiment yielded the following results (DM basis): CP = 45.6%; ADF = 29.4%; ether extract = 11.7%; Ca = 0.22%; P = 0.75%; K = 0.95%; and S = 0.55%. Thus, the increased CP for diets that contained SWDGS reflected a greater than expected CP concentration (38.3% CP based on data from the plant).
Performance and Calculated Net Energy Concentrations. The interaction between grain processing method and SWDGS inclusion in the diets was not significant (P ≥ 0.20) for any of the performance variables. As a result, only main-effect means are reported in Table 3 . The finding that processing method did not interact with inclusion of SWDGS does not agree with the results of other studies in which interactions between these 2 factors were observed for DMI (May et al., 2007; using SWDGS) , and for final BW, ADG, and G:F (Corrigan et al., 2007; using corn WDGS) .
Live and carcass-adjusted final BW did not differ (P ≥ 0.80) as a result of grain processing method, but BW was greater for steers fed diets that did not contain SWDGS (P ≤ 0.04) than for steers fed the 15% SWDGS diets (Table 3) . Vasconcelos and Galyean (2007) reported a linear decrease in carcass-adjusted BW as inclusion level of SWDGS in SFC-based diets increased from 0 to 15% of the total dietary DM. Al-Suwaiegh et al. (2002), however, reported that inclusion of 30% of sorghum or corn wet distillers grain (WDG; whether the solubles were included was not specified) in a DRC-based diet resulted in greater final BW compared with steers fed the control diet. Also in contrast to our findings, Firkins et al. (1985) found no differences in final BW when 25 or 50% of the dietary high moisture corn (HMC) was replaced with WDG (grain source of WDG and inclusion of solubles were not specified).
No differences were noted between DRC-and SFCbased diets for live or carcass-adjusted ADG for the overall feeding period (d 0 to end; Table 3 ). Conversely, treatments with 15% SWDGS resulted in less overall ADG than those without the coproduct (P ≤ 0.02). These results support the findings of Vasconcelos and Galyean (2007) , in which ADG decreased linearly as level of SWDGS inclusion increased from 0 to 15% of the DM. In contrast, Firkins et al. (1985) reported a linear increase in ADG as more WDG was included in HMC-based diets. In addition, in the study of AlSuwaiegh et al. (2002) , the addition of 30% (DM basis) of sorghum or corn WDG increased ADG compared with feeding a DRC-based diet without WDG. Ham et al. (1994) also reported greater ADG by steers fed wet and dry DGS compared with steers fed a DRC-based diet. Reasons for the disparity between present results and these previous studies are not clear, but lack of an interaction between corn processing method and inclusion of SWDGS in our study would seem to suggest that differences in grain processing method would not be a likely cause of the difference.
As with BW and ADG data, no interaction (P ≥ 0.20) was noted between corn processing method and SWDGS concentration for DMI (Table 3) . With respect to main effects, DMI was less with SFC-based diets than for DRC-based diets (P < 0.01). Despite less DMI (P = 0.03) for the initial 70 d of the trial by steers fed the 15% SWDGS diets, inclusion of SWDGS in the diets did not affect DMI for the overall feeding period. Other experiments have shown no differences in DMI when distillers coproducts were included in finishing diets (Firkins et al., 1985; Lodge et al., 1997; AlSuwaiegh et al., 2002; Vasconcelos and Galyean, 2007) . Nonetheless, Ham et al. (1994) reported that feeding diets containing 40% dried DGS resulted in greater DMI than diets that did not include coproducts or inclusion of 40% wet distillers by-product (WDG and thin stillage). Conversely, Larson et al. (1993) reported a linear decrease in DMI in response to increasing the levels of wet distillers by-product from 0 to 40% of the dietary DM. Thus, effects of WDGS inclusion on DMI have been variable among studies reported in the literature, perhaps reflecting variation in the composition of WDGS used in different experiments.
Feeding DRC-based (P < 0.01) and 15% SWDGS diets (P < 0.01) decreased G:F (Table 3 ) compared with SFC-based diets and 0% SWDGS diets, respectively. The improved efficiency for steers fed SFC-based diets suggests that more starch was available in these diets compared with the DRC-based diets. Similar to the present results, Barajas and Zinn (1998) reported that steam flaking corn improved gain efficiency through decreased DMI and no difference in ADG. Most previous research data have indicated improved G:F when distillers coproducts are included in the diet (Firkins et al., 1985; Larson et al., 1993; Ham et al., 1994) . Our results, suggesting decreased G:F with addition of SWDGS at 15% of the DM, are supported by the findings of Vasconcelos and Galyean (2007) , who used SWDGS from the same source as in the present study.
Dietary concentrations of NE m and NE g calculated from performance data (Table 3) showed similar treatment effects to G:F, with greater (P < 0.01) NE m and NE g for diets based on SFC vs. DRC and decreased NE m and NE g concentrations with 15 vs. 0% SWDGS included in the diet. The consistency between G:F data and the results for calculated dietary NE concentrations agrees with the observations of Vasconcelos and Galyean (2008) that differences in NE concentrations calculated from performance data reflect the performance data used to calculate the NE values.
Carcass Characteristics. No significant interactions (P ≥ 0.20) between corn processing method and inclusion of SWDGS were noted for carcass characteristics, except for marbling score and percentage of carcasses grading USDA Choice or greater. Main-effect means for carcass characteristics are presented in Table  4 .
Fat thickness at the 12th rib (P = 0.03) and yield grade (P = 0.02) were greater for steers fed SFC-based diets. Conversely, LM area tended to be greater (P = 0.08) in carcasses of steers fed DRC-based diets. No Observed significance levels for corn processing method or SWDGS concentration main-effect comparisons. Cattle in the blocks 1 through 5 were on feed for 133 d, whereas cattle in the blocks 6 through 10 were on feed for 112 d, resulting in an average of 122.5 d on feed.
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Dietary NE m and NE g concentrations were calculated from performance data as described by Vasconcelos and Galyean (2008) .
Corn processing and sorghum distillers grain differences (P ≥ 0.68) resulting from corn processing method were found for HCW, dressing percent, KPH, or percentage of abscessed livers. Inclusion of 15% SWDGS resulted in less HCW (P = 0.01) and dressing percent (P = 0.03), and a tendency (P = 0.10) for a smaller LM area than noted for the 0% SWDGS diets, but no other differences (P ≥ 0.36) resulting from SWDGS inclusion in the diets were detected for carcass characteristics. Similar to the present results, Vasconcelos and Galyean (2007) reported that HCW decreased linearly with increasing level of SWDGS up to 15% of the dietary DM. Furthermore, these authors reported that LM area decreased in response to inclusion of SWDGS in the diets; however, they did not detect differences in dressing percent. Corrigan et al. (2007) reported no differences in LM area in response to corn WDGS. In contrast to present data, HCW increased linearly as inclusion of WDGS increased in DRC-based diets, whereas a quadratic response for HCW was obtained as WDGS inclusion increased from 0 to 40% of the DM in SFC-based diets (Corrigan et al., 2007) .
Simple-effect means for marbling scores were 440.3, 420.8, 412.7, and 441.5 (SE = 10.56) for carcasses of cattle fed the DRC-0, DRC-15, SFC-0, and SFC-15 diets, respectively. Carcasses from steers fed the SFC-0 diet had a decreased marbling score (P < 0.06) compared with those from cattle fed the DRC-0 and SFC-15 diets, whereas the marbling scores of carcasses from the DRC-15 diet did not differ from those of other treatments. The percentage of cattle that graded USDA Choice or greater was 70.0, 57.5, 47.5, and 65.0 for the DRC-0, DRC-15, SFC-0, and SFC-15 diets, respectively, with a difference (P < 0.06) for DRC-0 vs. SFC-0, and intermediate values that did not differ from the other treatments for the DRC-15 and SFC-15 diets. Reasons for the interaction between corn processing method and SWDGS concentration in the present study are not evident. In contrast to our results, Corrigan et al. (2007) reported no significant interaction between corn processing method and dietary inclusion of corn WDGS for marbling score.
Exp. 2
Diet Analyses. Results for the laboratory analyses of the feed used for the in vitro incubations are shown in Table 2 . Differences in nutrient composition between these samples and the feed analyses from the Exp. 1 likely reflect the different sampling methods used. Samples for this portion of the study were taken on 2 consecutive days during the trial, whereas results for the diets used in the performance trial were a composite of weekly samples across the entire feeding period.
In Vitro DM Disappearance. Results for IVD-MD are shown in Table 5 . No grain processing method × SWDGS interaction was found for IVDMD (P = 0.57). Consequently, only main-effect means are presented. The SFC-based diets had a greater IVDMD (P = 0.01) than the DRC-based diets. This result agrees with the findings of Zinn et al. (2002) that steam-flaking corn increases the digestibility of starch and other nutrients such as protein.
Comparison of the effects of SWDGS inclusion showed that the 0% SWDGS diet substrate had greater IVDMD (P < 0.01) than the 15% SWDGS substrate. This result could be a consequence, at least in part, of the greater concentration of ADF and presumably decreased starch concentration in the 15% SWDGS substrate compared with the substrate without SWDGS. At 15% of the dietary DM, the IVD-MD of the SWDGS alone would have to be 39.7% to account for the difference of 4.36% between the 15% SWDGS diets and the 0% SWDGS diets. Corrigan et al. (2008) reported decreased DM and OM digestibility for diets based on corn WDGS vs. diets without the coproduct, which supports our IVDMD results. Gas Production Rate. Results from the statistical analyses for AUC for the gas pressure curves showed no interaction (P = 0.41) between corn processing method and SWDGS inclusion (Table 5) . Comparison of the main-effect means indicated that AUC was greater for the SFC-based diet substrates (P = 0.02) and greater for the 0% SWDGS (P = 0.03) diet substrates than for the DRC and 15% SWDGS substrates, respectively. These results support the IVDMD data, in that substrates in which the corn was more thoroughly processed (SFC), and substrates in which the corn was not replaced with the less digestible SWDGS at 15% of the DM resulted in greater digestibility and thereby increased gas production. Statistical analyses of LT, M, and k values fitted to the gas pressure curves revealed an interaction between grain processing method and SWDGS inclusion in the substrates for the M value (P < 0.01), whereas no interactions were detected for LT and k (P = 0.24 and 0.46, respectively). Main-effect means for the M, LT, and k model parameters are presented in Table 5 , but simple-effect means for the M value are discussed below. Lag time did not differ between substrates based on DRC and SFC (P = 0.14), nor did the 0 vs. 15% SWDGS (P = 0.51) treatments differ for LT. Conversely, rate of gas production was greater for SFCbased diet substrates (P = 0.02) than for substrates based on DRC and also greater for substrates that did not contain SWDGS (P = 0.04). Simple-effect means for the M parameter were 235.8, 212.6, 219.5, and 219.7 mL (SE = 9.45) for the DRC-0, DRC-15, SFC-0, and SFC-15 substrates, respectively. The maximum value parameter was greater (P < 0.05) for DRC-0 than for the other 3 treatments, which did not differ from each other. Reasons for the interaction with the M parameter are not clear, and this result does not seem to be consistent with IVDMD data. Perhaps the pH in the flasks dropped more rapidly with the SFC substrates, thereby limiting total gas production. In contrast, the slower rate of gas production (and presumably greater pH) with the DRC-0 substrate might have allowed for extended activity of the microbial population, resulting in the greater M value. As mentioned previously, results from performance trials have indicated significant interactions between grain processing method and inclusion of SWDGS (May et al., 2007) and corn WDGS (Corrigan et al., 2007) ; however, in those cases, positive associative effects of DRC and WDGS were reported, whereas our in vitro gas production results suggest a negative associative effect between inclusion of 15% SWDG in the DRC-based substrate for the M parameter.
Hydrogen Sulfide Production. The results for H 2 S production are shown in Table 5 . As with IVDMD data, the interaction between corn processing method and SWDGS inclusion was not significant (P = 0.48), and main-effect means are reported. No differences between grain processing method (P = 0.11) or SWDGS inclusion (P = 0.15) for total H 2 S production were noted during the 24-h incubation period. These results reflect the fact that the substrate diets did not vary greatly in S content (Table 2) . Because there was not a significant interaction between the factors, it can be concluded that when dietary S concentrations are within the ranges we evaluated, the greater starch availability associated with SFC does not result in increased in vitro production of H 2 S compared with DRC.
General Conclusions. Overall, our data suggest that the response to 15% (DM basis) SWDGS in finishing diets was not affected by dry rolling or steam flaking the corn portion of the diet. Moreover, including 15% SWDGS decreased G:F and the IVDMD and gas production to approximately the same extent as replacing all the SFC in the diet with DRC. Additional Table 5 . Effects of corn processing method and concentration of sorghum wet distillers grain plus solubles (SWDGS) on IVDMD, H 2 S production, and kinetics of in vitro gas production Observed significance levels for corn processing method or SWDGS concentration main-effect comparisons. research is warranted to evaluate factors affecting the feeding value of sorghum-based ethanol coproducts in the diets of feedlot cattle.
